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LOCK-UP'CONTROL SYSTEM FOR LOCK-UP
TYPE AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lock-up control

system for a lock-up type automatic transmission.
2. Description of the Prior Art

Automatic transmissions are provided with a torque
converter In a power transmission system thereof so as
to increase a torque from an engine. The torque con-
verter has a pump impeller driven by an engine to rotate

otl within the torque converter, wherein the rotation of

the oil causes a turbine runner to rotate under the reac-
tion of a stator thereby multiplying the torque (torque
converter state). Therefore, the torque converter, while
in use, cannot help avoiding a slip between its pump
impeller and turbine runner. It results in poor power
transmission efficiency that leads to a poor fuel econ-
omy. To alleviate this drawback, there has been pro-

posed a so-called a torque converter with a lock-up .

means for locking the torque converter in a lock-up
state, wherein during a relatively high vehicle speed
operation range when a torque variation of an engine
does not create a problem a turbine runner is directly
connected to a pump impeller (lock-up state) thereby
eliminating a slip therebetween. A lock-up type auto-

matic transmission provided with a torque converter of

this kind in a power transmission system thereof is al-
ready employed in some vehicles.

Referring to FIG. 4, there are illustrated lock-up
ranges within which the lock-up means locks the torque
converter in the lock-up state when the vehicle speed is
higher than a predetermined vehicle speed value (lock-
up vehicle speed) in each gear position. FIG. 4 shows a
shift schedule diagram of a three-speed automatic trans-
mission wherein Vi, Vi, and V3 are lock-up vehicle
speed values for first, second and third gear positions,
respectively, and Vy', Vo', and V3’ are lock-up release
vehicle speed values for first, second and third gear
positions, respectively. In each of the gear positions the
torque converter i1s permitted to lock up when the vehi-
cle speed exceeds a corresponding one of the vehicle
speed values Vi, V2 and V3. The lock-up state of the
torque converter 1s released when the vehicle speed
decreases below the corresponding one of the lock-up
release vehicle speed values Vy’, V3’ and V3’ so that the
torque converter 1s allowed to operate in a converter
state.

As will be understood from FIG. 4, upon gear shift-
ing when the automotive vehicle is operating with a
large load, a substantial shock will take place because
the torque converter stays in the lock-up state.

SUMMARY OF THE INVENTION

According to the present invention, there is provided
a lock-up control system for a lock-up type automatic
transmission which hydraulically effects gear shifting
using operating oil, wherein an oil temperature sensor
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generates an electric signal indicative of the tempera- -

ture of the operating oil and a lock-up clutch is tempo-
rarily released for a time which is variable in response to
the electric signal generated in part by the oil tempera-
ture sensor.

Further according to the present invention, a lock-up
control system comprises means for generating a lock-
up permission signal, means for generating a gear shift
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command signal, means for generating an oil tempera-
ture signal indicative of temperature of oil used in an
automatic transmission, means responsive to the gear
shift command signal for generating a lock-up release
signal having a time duration variable with variation in
the oil temperature signal, and means for generating a
lock-up command signal when the lock-up release sig-
nal is absent under a condition when the lock-up permis-
ston signal 1s present, but preventing the generation of
the lock-up command signal when the lock-up release
signal 1s present even under the condition when the
lock-up permission signal is present for a time duration
corresponding to the time duration of the lock-up re-
lease signal.

An object of the present invention is to provide a
lock-up control system wherein the lock-up state is
temporally released for a time duration that is variable
with variation in actual gear shift duration which is
variable in response to the temperature of oil used for
gear shifting operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is specifically described in
connection with the accompanying drawings, wherein:

FIG. 1 is a block diagram of a first embodiment of a
lock-up control system according to the present inven-
tion;

FIG. 2 is a timing diagram of various signals of the
control system shown in FIG. 1;

FIG. 3 is a second embodiment according to the
present invention; and

FIG. 4 1s a shift schedule diagram.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 and 2, a first embodiment is
described. A lock-up decision block 100 is supplied with
a vehicle speed signal V from a vehicle speed sensor 10,
a 1-2 shift signal S from a 1-2 shift switch 11 respon-
stve to position of a 1-2 shift valve, and a 2-3 shift signal
S23 from a 2-3 shift switch 12 responsive to position of a
2-3 shift valve. The 1-2 shift switch 11 and 2-3 shift
switch 12 are built in the 1-2 shift valve and the 2-3 shift
valve, respectively. The 1-2 shift switch 11 is closed
responsive to the downshift position of the 1-2 shift
valve to vary the 1-2 shift signal S12 from a H-level to a
L-level. The 2-3 shift switch 12 is closed responsive to
the downshift position of the 2-3 shift valve to vary the
2-3 shift signal S;3 from a H-level to a L-level. On the
contrary, the 1-2 shift switch 11 is opened responsive to
the upshift position of the 1-2 shift valve to vary the 1-2
shift signal Si; from L-level to H-level, and the 2-3 shift
switch 12 is opened responsive to the upshift position of
the 2-3 shift valve to vary the 2-3 shift signal S;3 from
L-level to H-level.

The lock-up decision block 100 determines the cur-
rent gear position in response to the combination of
levels of the shift signals S;3 and S;3. The block 100
compares the current vehicle speed indicated by the
vehicle speed signal V with a set of predetermined
lock-up vehicle speed values V1, V3 and V3 as shown in
F1G. 4 (when the torque converter is in converter state)
or a set of predetermined lock-up release vehicle speed
values V', V2’ and V3’ as shown in FIG. 4 (when the
torque converter 1s 1n Jock-up state). If the vehicle oper-
ates within any one of the lock-up ranges, then the
block 100 generates a H-level lock-up permission signal
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100a, while, if the vehicle operates in any one of con-
verter ranges, 1t gencrates a L-level signal 100a.

The block 100 may comprise a gear ratio decision
circuit connected to a 1-2 shift switch 60 and a 2-3 shift
switch 61, a plurality of AND gates, a vehicle speed 5
decision circuit connected to vehicle speed sensor 62
and an OR gate. These nonessential details are de-
scribed in U.S. application Ser. No. 280,818 entitled
“LOCK-UP CONTROL SYSTEM FOR LOCK-UP.
TYPE AUTOMATIC TRANSMISSION,” filed on
July 6, 1981 commonly assigned herewith, the disclo-
sure of which is hereby incorporated by reference in its
entirety.

‘The lock-up release signal 100z is fed to one of two
inputs of an AND gate 160 which has its other input ;s
connected to an AND gate 510 to receive a lock-up -
release signal 510a (see FIG. 2). As shown in FIG. 2, the
L-level lock-up release signal 510a commences with the
commencement of a H level gear shift command signal
110c and has a time duration which is the total of the
duration Ts of a lock-up release base time signal 130q,
the duration T1 of an engine load compensation signal
1404 and the duration Tv of an oil temperature compen-
sation signal 500a.

The actual time necessary for the gear shifting opera-
tion from the second to third gear position increases as
the temperature of the oil used for gear shifting in the
automatic transmission decreases. For example:
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oil temperature-' time 30
80~90° C. |l sec

—9° C. 1.6 sec

—13° C. 2.9 sec

The time duration Tv of the oil temperature compen- 3>
sation signal 500a should be determined in due consider-

ation of the above relationship.

Referring to a block 180 which generates the lock-up
release base time signal 130q, it includes a portion 110
which generates a timer trigger signal 110c in response 40
to change in level of the 1-2 shift signal S12 and/or 2-3
shift signal S;3. The timer trigger signal 110c¢ is fed to a
timer 130. The portion 110 also generates mgnals 1104’
and 1106’ representing a gear position prior to a gear
shifting operation and signals 1102 and 1105 represent-
Ing a gear position after the gear shifting operation.
These signals 110a', 1105, and 1102 and 1106 are fed to
a fixed memory 120 which contains fixed lock-up re-
lease data. Based on these signals, a kind of shift which
is to take place is determined and a predetermined lock- 30
up release time base T's corresponding to which kind of
shift is addressed as shown in the following Table. The
addressed lock-up release base time Ts is fed to the
timer 130 in the form of an 8 bit digital signal.

43
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_ Addres
gear position

gear position

before shifting  after shifting
kinds of shift 110b° 1102’ 110b 110a 60

1-2 shift 0 | 1 0
1-3 shaft 0 1 1 |
2-1 shift ] 0 0 1
2-3 shift 1 0 i l
3-1 shift [ 1 0 I
3-2 shift 1 1 1 0
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The timer 130 is triggered by the rise in timer trigger
signal 110¢ and changes the lock-up release base time

4

signal 130a to a L-level and maintains the L-level for the
above-mentioned predetermined time T's in response to
the signal from memory 120 and allows the signal 130a
to return to H-level again after the expiration of the
time Ts indicated by the signal from memory 120.

The block 180 may include shifting detector circuits
and a NOR gate as disclosed in the co-pending U.S.
application Ser. No. 280,818 incorporated above. In this
case, the lock-up release base time signal is issued from
the output of the NOR gate.

The lock-up release base time signal 130a is fed to one

- of three inputs of an AND gate 510 and is also fed to a

block 140 which normally generates a H-level engine
load compensation signal 140a. The level of the engine
load compensation signal 140a changes from H-level to
L-level 1n response to the rising of the lock-up release
base time signal 130g. The L-level is maintained for a
time duration Tl which is determined based upon an
engine load signal TH indicative of engine load from an
engine load sensor 14. The level of the signal 140q
changes again to H-level after the expiration of the time
duration TL

The engine load compensation signal 140z is fed to
the second of the three inputs of the AND gate 510 and
is also fed to a block 500. The block 500 is supplied with
an o1l temperature signal T from an oil temperature
sensor 0. |

Referring to the oil temperature sensor 50, it com-
prises a thermistor or the like which is attached to the
transmission case. The thermistor varies its resistance
with variation in oil temperature in the automatic trans-
mission. This variation is produced in terms of electric
voltage as an oil temperature signal T. The engine cool-
ant varies with variation in temperature in actuating oil

in the automatic transmission under most conditions.
Thus, the oil temperature sensor S0 may be replaced

with an engine coolant temperature sensor.

Referring back to the block 500, it normally generates
a H-level oil temperature compensation signal 500a.
The level of the oil temperature compensation signal
changes from a H-level to a L-level upon rising of the
engine load compensation signal 140aq and this L-level is
maintained for a time duration Tv variable depending
on the oil temperature signal T. Upon expiration of the
time duration Tv the level of the oil temperature com-
pensation signal 500a changes to H-level again. The oil
temperature compensation signal 500q is fed to the third
of the three inputs of the AND gate 510.

The lock-up release base time signal 130q, engine load
compensation signal 140z and oil temperature compen-
sation signal 500z are impressed to three inputs of the
AND gate 510. Therefore, the lock-up release signal
S10a 1s switched to a L-level for a time duration
Ts+Tl+Tv beginning with an instance ty when the
timer trigger signal 110c¢ appears (see FIG. 2). Since the
L-level lock-up release signal 510q is fed to the AND

- gate 160, a lock-up command signal 160a is switched to

a L-level even when the lock-up permission signal 100a
1s in H-level and keeps the L-level for the time duration
Ts+TIl+Tv. Signal 160a is applied to a lock-up driver
170 which produces a signal causing lock-up at 13.
Therefore, the lock-up is released for this time duration
even 1f the vehicle is operating in the lock-up range, so
that the shock inherent to gear shifting operation is
alleviated.

From the foregoing description, it will now be under-
stood that since the lock-up release time is varied de-
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pending upon the temperature of the oil used for gear
shifting operation in the automatic transmission to ap-
propriately adjust the actual lock-up release time, it is
possible to vary the lock-up release time with variation
of actual shift operation time depending upon variation
in the temperature in the oil in the automatic transmis-
ston, thus preventing racing of the engine or occurrence
of shift shock during shifting operation, resulting in an
- improvement in the smoothness of the ride.

Reterring to FIG. 3, a second embodiment is de-
scribed. The second embodiment is different from the
first embodiment just described in that an engine load
sensor 14 1s in the form of an accelerator switch opera-
tively connected with an accelerator pedal to be opened
or closed thereby. An oil temperature sensor 50 is in the
form of a bimetal switch. Besides, the memory 120 has
been replaced with a fixed memory 720 which stores
respective lock-up release times against kinds of shift,
engine load and oil temperature. The fixed memory 720
18 supplied with signals 1102’ and 1105’ representing a
gear position prior to a gear shifting operation and sig-
nals 110q and 1105 representing a gear position after the
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gear shifting operation, an engine load signal TH from

the accelerator switch 14 and an oil temperature signal
T from the oil temperature sensor 50.

The memory 720 judges the kind of shift from the
signals 110a, 1105, 1102’ and 1105’, engine load from
engine load signal TH and oil temperature from oil
temperature signal T. Based on the result, the optimum
lock-up release time is read out from the stored data
corresponding to the kind of shift, engine load and oil
temperature. This optimum lock-up release time is sup-
plied in terms of a signal to a timer 130.

Another possible construction to achieve the objec-
tive of the present invention is to use analog signals as
an engine load signal and as an oil temperature signal.
Each of these signals would then be compared with
different threshold values which define various ranges
depending upon the magnitude of each of the analog
signals. For various ranges thus defined, the optimum
lock-up release time is stored in a fixed memory and the

stored data 1n the fixed memory is selectively used to

determine the optimum lock-up release time.

It 1s also possible to use a micro-computer to effect
the necessary process for the control based upon the
stored data in the fixed memory.

What 1s claimed is: -

1. A lock-up control system for a lock-up type auto-
matic transmission of an automotive vehicle having an
engine, the lock-up type automatic transmisston includ-
ing a torque converter with a lock-up means responsive
to a lock-up command signal for locking the torque
converter in a lock-up state, the torque converter being
shiftable between said lock-up state and a torque con-
verter state, the lock-up control system comprising:

means for generating a lock-up permission signal

indicating that the automotive vehicle is operating
within a predetermined lock-up range;

means for detecting a command to shift gears and for

generating a timer trigger signal in response to the
presence of said command; |

means for detecting a temperature of actuating oil

used for effecting gear shifting in the automatic
transmission and for generating an oil temperature
signal indicative of said temperature;

timer means responsive to said timer trigger signal

and said oil temperature signal for determining a
time duration required for the transmission to ef-
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fect gear shifting resulting from said command
indicated by said timer trigger signal and for gener-
- ating a lock-up release signal indicative of said time
duration, said time duration being variable at least
with variation in said oil temperature signal; and
means for generating the lock-up command signal
when said lock-up release signal is absent and said
lock-up permission signal is present, but preventing
the generation of the lock-up command signal
when said lock-up release signal is present even
under the condition when said lock-up permission
signal is present for said time duration indicated by
said lock-up release signal.

2. A lock-up control system for a vehicle equipped
with a lock-up type automatic transmission, said trans-
mission being responsive to a shift command to shift
from one gear to another and including a torque con-
verter which assumes one of a lock-up state and a
torque converter state in response to a lock-up com-
mand signal, the lock-up control system comprising:

means for sensing values of predetermined operating

parameters of said vehicle and for generating a
lock-up enable signal when said values indicate said
vehicle to be operating within a predetermined
lock-up range;

means for detecting the presence of said shift com-

mand and for generating a timer trigger signal in
response to a positive detection of the presence of
said shift command;

means for sensing the temperature of transmission

fluid within said transmission and for generating a
temperature signal indicative of said sensed trans-
mission fluid temperature;
means responsive to said temperature signal and said
timer trigger signal for determining a time duration
required for said transmission to shift gears in re-
sponse to said shift command and for generating a
lock-up inhibit signal indicative of said time dura-
tion, said time duration being determined at least in
accordance with said temperature signal; and

means responstve to said lock-up enable signal and
sald lock-up inhibit signal for generating a lock-up
command signal in response to the presence of said
lock-up enable signal and the absence of said lock-
up inhibit signal; and for not generating said lock-
up command signal in the presence of said lock-up
inhibit signal.

3. A lock-up control system for a lock-up type auto-
matic transmission of an automotive vehicle having an
engine, the lock-up type having a hydraulic control
system and being shiftable into any one of a plurality of
alternate gear positions and including a torque con-
verter with a lock-up means responsive to a lock-up
command signal for locking the torque converter in a
lock-up state, the torque converter being shiftable into
the lock-up state or a torque converter state, the lock-up
control system comprising:

means for generating a lock-up permission signal

indicating that the automotive vehicle is operating
within one of a plurality of lock-up ranges which
are respectively predetermined for each of the
plurality of gear positions;

means for detecting a command for gear shifting

occurring in the hydraulic control system and gen-
erating a timer trigger signal in response to a posi-
tive detection by said detecting means;
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means for detecting a load on the engine and for
generating an engine load signal indicative of said

load on the engine;

means for detecting a temperature indicative of the

temperature of oil used for actuating gear shifting
in the automatic transmission and generating an oil
temperature signal indicative of said indicative
temperature;

means, responsive to said trigger signal, said oil tem-
perature signal, and said engine load signal for

determining a time duration required for the trans-
mission to effect gear shifting resulting from said
command indicated by said gear shift command
signal, and for generating a lock-up release signal
indicative of said time duration, said time duration
being variable with variation in said engine load
signal and said oil temperature signal; and

means for generating the lock-up command signal
when said lock-up release signal is absent and said
lock-up permission signal is present, and for pre-
venting the generation of the lock-up command
signal when said lock-up release signal is present
for said time duration indicated by said lock-up
release signal.
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4. A lock-up control system as claimed in claim 2,
wherein said lock-up release signal generating means
iIlClud_eS - .

means for storing a plurality time duration data corre-

sponding respectively to each different shifting
from one gear to another gear and for generating
an output signal indicative of one of the stored time
duration data corresponding to the gear shifting
resulting from said command indicated by said gear
shift command signal, |

timer means responsive to said output signal for gen-

erating a lock-up release base time signal,

means responsive to said temperature indicative sig-

nal for generating an oil temperature compensation
signal, and

means for summing said lock-up release base time

signal, said engine load compensation signal and
said o1l temperature compensation signal.

S. A lock-up control system as claimed in claim 3,
wherein said lock-up release signal generating means
includes means for storing lock-up release time data
which corresponds to each different combination of
said engine load signal, said oil temperature signal, and
the gear shifting resulting from said command indicated

by said gear shift command signal.
X *x : *x . 3
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